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This  is  the  Final  Report  (Technical  Report  No.  3)  covering  the  period 
June  1  1971  through  31  December  1972  on  Contract  N00014-71-A-0364-0001. 
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INTRODUCTION 


Our  studies  have  concentrated  on  determining  the  physical  characteristics 
of  pack  ice,  clouds  and  aerosols  as  they  affect  the  Arctic  radiation 
regime.  At  Barrow,  flights  through  stratus  clouds  with  aircraft  mounted 
continous  cloud  particle  samplers  have  determined  number  and  mass  densities, 
particle  size  distributions  and  ice  crystal  contents  of  these  clouds  over 
a  wide  temperature  range.  Simultaneously,  light  intensity  and  reflectivity 
measurements  have  been  carried  out  to  determine  the  optical  properties 
of  these  clouds. 

Q 

Aircraft-mounted  photometers  have  provided  measurements  that  have 
allowed  deduction  of  aerosol  profiles  up  to  13,000  feet;  on  two  occasions 
these  were  extended  up  to  35,000  feet  aboard  flights  by  the  NASA  CV-990 
aircraft  to  the  Arctic  Ice  Dynamics  Joint  Experiment  (AIDJEX)  camp  in  the 
Beaufort  Sea.  Although  the  air  is  fairly  "clear"  over  the  Arctic  Ocean, 
ice  crystal  and  other  aerosols  are  present,  and  are  important  in  scattering 
incoming  radiation.  In  addition  to  measurements  of  ice  nuclei  concentrations 
at  Barrow,  actinometric  observations  were  made  on  numerous  occasions  at 
the  AIDJEX  camp,  occasionally  through  ice  crystal  clouds  advected  from 
open  leads. 

Routine  monitoring  of  components  of  the  radiation  balance  have  been 
carried  out  at  Barrow,  Ice  Island  T-3  and  the  AIDJEX  camp.  Coupled  with 
this  were  studies  of  surface  inhomogeneities,  such  as  hummocks,  snow 
dunes,  leads  and  pressure  ridges,  and  the  effects  of  these  features  on 
the  surface  albedo  and  temperature.  Of  particular  interest  were  the 
measurements  over  refreezinp,  leads,  both  artificially  made  and  natural  ones, 
showing  extraordinary  modification  of  the  radiation  balance  during  the 
freezing  process.  Light  extinction  measurements  in  sno'  ,  ice  and  sea 
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water,  using  photocells,  allowed  the  construction  of  a  typical  extinction 
nomogram  for  these  studies. 

One  important  part  of  our  work  has  been  theoretical  modeling  in 
order  to  synthesize  our  observations  of  radiation  fluxes  and  of  surface 
and  atmospheric  radiation  characteristics.  For  infrared  fluxes  we 
have  developed  a  fairly  elaborate  model  which  allows  computation  of 
radiation  transfers  in  an  atmosphere  with  several  cloud  layers,  for 
short  wave  fluxes  we  have  so  far  developed  a  rough  model  which  shows 
the  effect  of  a  thin  cloud  layer  on  the  radiation  balance  of  the  earth- 
atmcspheric  system  at  various  latitudes  and  seasons. 

Our  main  research  efforts  were  accounted  for  in  the  Annual  Report 
(Technical  Report  No.  2),  where  the  overall  research  objectives  were  also 
described.  In  the  present  report  we  comment  on  a  few  measurements  which 
had  not  beer  subject  to  analysis  when  the  Annual  Report  was  written. 

Our  original  intention  was  that  this  project  should  develop  into  a 
broad  study  of  the  radiation  regimes  of  the  Arctic  which  could  be  related 
to  such  considerations  as  the  heat  budget  of  the  Arctic  Ocean  and  the 
stability  of  the  Arctic  climate.  We  feel  that  our  basic  approach  has 
been  sound  and  that  we  have  made  progress  in  attaining  our  objectives. 

We  regret  that  our  research  has  ended  prematurely. 
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ON  THE  TURBIDITY  OF  THE  ARCTIC  ATMOSPHERE 

During  the  AIDJEX  pilot  study  in  April  1972,  we  made  approximately  100 
measurements  of  the  direct  solar  intensity  by  means  of  a  Linke-Feussner 
actinometer  furnished  with  Scott  color  filters  0G^  and  RG2  These 
measurements,  representing  10  days  with  clear  sky  conditions,  although  in 
some  cases  with  visible  ice  crystal  aerosols  present,  have  been  analyzed  to 
determine  the  turbidity  coefficient  0  (Figure  1)  and  the  water  vapor 
absorption  F  (Figure  2)  by  applying  the  so  called  Angstrom-Hoelper 
method  (Hoelper ,  1935).  The  average  0  values  for  the  10  days  was  0.078, 
which  is  higher  than  might  be  expected.  On  the  other  hand,  the  corresponding 
F  values  seem  to  be  somewhat  low  (compare  e.g.  T.iljequist, 1956) .  There  are 
indications,  judging  from  the  low  F  value  and  also  from  the  relationships 
between  F  and  airmass  try  that  our  0  values  for  some  reason  or  other  may 
be  too  high  by  0.005  -  0.010  units.The  determination  of  the  atmospheric 
turbidity  parameters  requires  accurately  calibrated  instruments  including 
the  filter  factors.  In  our  study  we  have  used  the  Linke-Feussner  actinometer 
with  the  temperature-corrected  calibration  constant  recommended  by  the 
factory.  Preferably,  a  standard  pyrheliometer  should  be  applied  to  support 
the  factory  calibrations  in  order  to  ensure  maximum  reliability  of  the 
data. 

However,  also  with  these  qualifications  in  mind,  it  is  obvious  that  the 
scattering  and  absorption  by  particles  in  the  Arctic  atmosphere  is  considerable 
and  cannot  be  neglected  in  considerations  of  the  energy  budget  of  the  surface 
atmosphere  system.  For  a  solar  elevation  of  30°  above  horizon  our  0  values 
correspond  to  a  decrease  of  the  direct  solar  radiation  by  about  20%  as 
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compare  1  to  the  conditions  in  an  atmosphere  without  dust  scattering.  Or 
the  other  hand,  the  influence  of  the  dust  scattering  on  the  total 
incoming  solar  radiation  at  the  surface  is  relatively  small  over  a 
large  snoufield,  since  increased  diffuse  sky  radiation  to  a  large  extent 
compensates  for  the  loss  of  direct  solar  radiation. 

Very  little  seems  to  be  known  about  the  characteristics  of  aerosols  in 
the  Arctic  atmosphere,  their  chemical  composition,  residence  times  etc. 
Fletcher  (1966)  points  out  the  prevalence  of  ice  crystal  haze,  especially 
during  the  dark  months,  and  discusses  its  effect  on  the  long-wave  radiation 
budget  of  the  surface  atmosphere  system.  Although  ice  crystal  aerosols 
certainly  contributed  to  the  3  values  observed  at  the  AIDJEX  camp,  we  can 
at  the  present  time  only  speculate  as  to  how  important  this  contribution 
is  compared  to  aerosols  of  other  origin. 

EarH-er  measurements  of  6  in  the  Arctic  indicate  a  seasonal  variation 
with  relatively  high  values  in  early  spring  and  markedly  lower  values  in 
summer  (Figure  3).  Further  information,  especially  on  the  vertical 
distribution  of  aerosols  is  given  by  Shaw  (Technical  Report  No.  2  under 
this  contract).  Measurements  with  aircraft  mounted  photometers  showed  an 
approximately  exponential  decrease  of  the  aerosol  extinction  coefficient 
w^-th  increasing  elevation,  with  a  dust  sphere  scale  height  amounting  to 
1-2  kra.  From  3  determinations  at  sea-level  and  at  an  altitude  of  1300  m 
Holmgren  (1971)  found  an  average  scale  height  of  3.2  km  in  May  and  1.6  km 
in  July,  indicating  that  the  decrease  of  3  during  this  period  (Figure  3) 
was  mainly  due  to  a  decrease  of  the  dust  extinction  in  the  atmosphere  above 
the  1  3  km  altitude. 
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MONITORING  OF  THE  RADIATION  BALANCE  DURING  AIDJEX 

Our  AIDJEX  study  in  April  ±97°.  sought  to  determine  numerically  the 
highly  variable  radiation  related  characteristics  of  the  Arctic  environmental 
features,  schematically  depicted  by  the  matrix  of  Appendix  I.  The  result 
of  the  measurements  of  these  characteristics  were  described  in  the  Annual 
Technical  Report  No.2.  w,  will  here  briefly  describe  sene  temporal  variations  of 
radiation  fluxes  as  measured  over  snow  covered  multi-year  pack  ice  and  the 
relationships  between  these  variations  and  the  cloud  conditions.  The  net 
radiation  was  monitored  by  measurements  of  its  four  basic  components,  1 
incoming  and  outgoing  long  wave  and  short  wave  fluxes  using  Eppley 
precision  pyranometers .  Numerous  calibrations  were  carried  out, 
against  a  Linke-Feussner  actinometer  for  short  wave  radiation,  and 
against  a  Barnes  PRT-5  precision  thermal  radiometer  for  long  wave  radiation. 
Continuous  records  were  obtained  from  April  2  throughout  April  26  except 
for  two  days  when  we  had  troubles  with  recording  the  data.  Although  the 
data  were  thus  collected  during  a  relatively  short  period  there  are 
several  interesting  features  that  can  be  deduced  from  the  curves  of  Figure 
4  (numerical  values  given  in  Table  1). 

1.  The  AIDJEX  data  were  collected  at  a  time  of  the  year  when  the 
all-wave  radiation  balance  is  going  from  negative  to  positive  daily 
values  on  the  average.  During  clear  sky  conditions  the  radiation  balance 
is  negative,  while  the  balance  is  positive  with  an  overcast  skv.  It  mav  be 
noted  that  the  radiation  balance  over  an  open  lead  in  the  beginning  of 
April  was  found  to  be  -100  cal  cm"2  day"1  (Technical  Report  No.  2). 

2.  During  the  cloudy  period  from  April  12  throughout  April  17  the 
albedo  of  the  snow  is  notably  high.  This  feature  is  probably  primarily 
related  to  multiple  reflections  between  the  snow  surface  and  the  clouds. 


The  incoming  solar  radiation  becomes  enriched  in  visible  radiation  which 
has  a  higher  reflectivity  than  the  near  infrared  radiation.  New  snow 
deposited  during  this  period  might  also  have  had  an  effect  on  the  increase 
of  the  albedo. 

3.  The  incoming  solar  radiation  does  not  decrease  very  much  when 
a  cloud  cover  forms  over  an  extensive  snow-field.  During  the  six  days 
with  overcast  sky  or  varying  cloud  conditions  in  the  middle  of  April, 
the  average  decrease  of  the  incoming  radiation  because  of  the  clouds  is 
only  about  15%.  On  the  other  hand,  the  absorbed  short-wave  radiation 

“  1  '  1  '  "  ti 

decreases  substantially  because  of  the  increase  of  the  albedo. 

4.  During  the  same  period  there  is  a  marked  increase  in  the 
incoming  and  on  the  average  a  small  increase  in  the  outgoing  long  wave 
radiation,  resulting  in  a  marked  decrease  of  the  long  wave  radiation  losses. 

5.  The  net  long  wave  and  the  net  short  wave  radiation  balances  are 
negatively  correlated.  The  variations  of  the  net  long  wave  radiation  are 
the  greater  and  therefore  dominate  the  variations  of  the  all  wave  radiation 
balance. 

In  summary,  Figure  4  provides  interesting  information  on  the  interactions 
between  the  radiation  fluxes  during  varying  cloud  conditions.  One  could 
only  wish  that  similar  data  were  available  on  an  annual  basis.  In  the 
literature  we  have  not  as  yet  seen  any  results  of  direct  measurements 
of  all  four  basic  components  of  the  radiation  balance.  It  seems  evident 
that  long  wave  pyranometers  are  valuable  tools  in  climatological  studies 
of  the  radiation  balance.  One  word  of  caution  may  be  appropriate. 

We  have  so  far  not  made  extensive  tests  of  the  accuracy  of  the  long  wave 
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radiation  measurements.  Our  experience  is  chat  the  calibration  factors 
may  be  subject  to  changes  after  some  time  of  use.  Periodic  checks  of 
the  calibration  factors  must  be  carried  out.  This  is  also  in  accordance 
with  the  manufacturer's  recommendations. 


DAILY  RADIATION  DATA  -  AIDJEX,  APRIL  1972 
(cal  cm- 2  day- 
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FIGURE  CAPTIONS 


Figure  1  Daily  values  of  the  turbidity  coefficient  8  determined 
r-nm  actinometric  measurements  during  1972  AIDJEX. 

Figure  2  Water  vapour  absorption  F  of  solar  radiation  determined  by 

applying  the  Angstrom- Hoe Iper  method  to  actinometric  measure¬ 
ments  during  1972  AIDJF.X. 

Figure  3  Variations  of  the  turbidity  coeffieient  8  as  measured  at 
selected  stations  in  the  Arctic. 

Figure  4  The  variations  of  radiation  components  using  Eppley  precision 
short  wave  and  long  wave  pyranometers  during  1972  AIDJEX. 
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Figure  1  Dally  values  of  the  turbidity  coefficient  6  determined 
from  actlnometrlc  measurements  during  1972  AIDJFX. 
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Figure  2  Water  vapour  absorption  F  of  solar  radiation  determined  by 

applying  the  Angstrom-Hoeloer  method  to  actinomctric  measure- 
manta  during  1972  AIDIEX. 
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Figure  3  Variations  of  the  turbidity  eneffieient  6  as  measured  at 
selected  stations  In  the  Arctic. 
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RADIATION  FLUX  INVESTIGATION 


G-  Weller,  Principal  Investigate)}' 
Gcoph'joical  Institute 
University  of  Alaska 
College ,  Alaska  99701 


The  energy  balance  at  the  ice/alr  Interface  in  the  Arctic  is  dominate 
by  the  radiation  fluxes.  The  1972  study  sought  to  determine  numerically  th 
highly  variable  radiation-related  characteristics  of  the  arctic  environ¬ 
mental  features  si  own  in  the  matrix  below.  An  x  denotes  those 
elements  investigated  during  AIDJEX  1072. 


COVERAGE  OF  RADIATION  FLUX  STUDY,  AIDJEX  1972 


Features 

Surface  Temps., 
Infrared  Flux 
Emitted 

Surface 
Reflectivity, 
A  Ibcdo 

Extinc¬ 
tion  Coef¬ 
ficient 

Radiation 
Balance, 
4-comeonev.  t 

Sea  water 

X 

X 

X 

X 

Sea  ice  (multiyear) 

X 

X 

X 

X 

defreezing  leads 

Natural 

X 

X 

X 

X 

Artificial 

X 

X 

x 

Hummocks ,  ridges 

X 

X 

Snow  cover 

X 

X 

X 

Atmosphere  (clear) 

X 

X 

Aerosols  (ice  crystals)  X 

X 

• 

Of  particular  interest  were  the  radiation  balance  measurements  over 
refreezing  leads,  both  natural  and  artificially  made.  Figure  1  shows  that 
the  measured  open-lead  values  compare  well  with  those  computed  ay  Badgley 
and  by  Doronin  [Fletcher,  J.  0.  1965.  Heat  Budget  of  the  Arctic  Basin  and 

Its  Relation  to  Climate,  The  Rand  Corp.,  R-44-PRJ.  The  net  radiation  loss 
of  open  leads  is  an  order  of  magnitude  higher  than  that  of  multiyear  ice  at 
this  time  of  year,  and  remains  much  higher  for  several  weeks  after  freezing. 
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Fig.  la.  Radiation  balance  of  a  refreezing  Fig.-  lb.  Rate  of  freezing,  surface 

lead,  AIDJEX  1972,  3-7  April.  temperature,  and  albedos  of  i 

refreezing  lead. 


Albedo  measurements  were  made  from  the  ground  with  fixed  and  portable 
equipment  and  from  the  air  during  photographic  runs  with  Twin  Otter  aircraft 
flying  at  altitudes  of  1503,  5000,  and  12,000  feet.  The  aerial  albedos 
show  a  strongly  skewed  frequency  distribution  because  of  the  presence  of 
leads;  they  also  show  a  mean  albedo  for  multiyear  ice  of  .78. 

Light  extinction  measurements,  by  photocells,  in  snow,  ice,  and  sea 
water  allowed  the  construction  of  a  typical  extinction  nomogram  for  these 
substances.  For  example, 10  cm  of  snow  overlying  2  m  of  sea  ice  reduces 
the  light  intensity  at  the  ice/watcr  interface  to  half  a  per  cent  of  that 
at  the  surface.  Similarly,  light  extinction  caused  by  turbidity  in  the 
atmosphere  was  measured  with  various  filters  on  numerous  occasions,  both 
through  "clear"  air  and  through  dense  ice  crystal  aerosols  near  the  ground. 
Brilliant  and  complex  solar  halos,  usually  present  during  these  latter 
conditions,  were  observed  and  recorded  on  several  occasions.  Similar 
measurements  were  made  aboard  the  NASA  CV-990  aircraft  on  two  flights, 
obtaining  profiles  from  32,000  feet  down  to  500  feet  above  the  ice  surface. 

Surface  temperature  maps  on  a  microscale  were  constructed  from 
measurements  under  different  conditions  of  sky  cover  and  wind  for  a  variety 
of  surface  features.  Observed  differences  on  sunny  and  shady  sides  of 
hummocks  on  clear  and  relatively  calm  days  were  as  much  as  8°C.  These 
data  were  always  collected  during  NASA  CV-990  overflights,  as  well  as  on 
other  occasions,  to  allow  comparison  with  the  aircraft  remote-sensing 
equipment . 

Routine  monitoring  both  of  the  four  components  of  the  radiation 
balance  over  multiyear  ice  by  using  Epplcy  precision  pyranometers  and  of 
the  short-wave  diffuse  sky  radiation  continued  uninterruptedly  throughout 
the  experiment.  Calibration  against  a  substandard  was  carried  out  in  situ 
on  all  instruments  to  determine  cosine  errors.  An  air  blower  system 
designed  for  the  experiment  successfully  kept  the  sensors  free  of  frost 
deposit  throughout  the  period  of  observation. 

Field  Personnel:  Gunter  Weller,  31  March-18  April;  Stan  Parker,  31  March- 
25  April;  Tom  Goldthwait,  11-29  April. 
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THE  SIZE  DISTRIBUTION  AND  CONCENTRATION  OF  CLOUD  PARTICLES 

IN  ARCTIC  CLOUDS 

by 


K.O.L.F.  Jayaweera 


Abstract  of  paper  presented  at  the  International 
Cloud  Physics  Conference  in  London,  August  21-26, 
1972,  sponsored  by  ICCP,  IAMAP,  and  IUGG. 
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K.O.k.F.  Javauecra  * 


Clouds  over  land  in  the  polar  regions  near  Lite  sea  arc  typically 
stratus  and  occur  in  layers’  about  3000  feet  thick  and  separated  by 
about  1000  feet.  Any  other  cloud  formation  is  only  exceptional  and  is 
rarely  seen.  The  composition  of  these  clouds  were  investigated  using 
an  HRI  cloud  particle  sampler  fitted  to  a  Cessna  180  in  the  vicinity  of 
Harrow,  Alaska,  during  the  month  of  September  1971.  During  this  month 
the  clouds  extended  from  800  feet  to  i2,000  feet  and  35  passes  were 
made  at  different  temperature  levels  ranging  from  +2C  to  -11C.  At  each 
pass  the  volume  of  air  sampled  were  about  500  liters.  The  purpose  of 
these  investigations  were  to  establish  the  conditions  under  which  ice 
particle  multiplication  does  or  does  not  take  place  and  to  determine 
the  importance  of  ice  nuclei  on  the  ice  crystal  development  in  clouds. 

The  ice  crystal  observed  in  these  clouds  were  all  columnar  and 
unrimed.  The  concentration  of  ice  crystals  at  -11C  and  -7C  were  about 

3  3 

AO  per  m  and  10  per  in  respectively  and  at  -AC  it  was  less  than  2  per 
3 

m  .  Ihese  values  agree  well  with  the  average  ice  nuclei  concentrations 
at  the  corresponding  temperatures,  measured  using  Millipore  samples 
collected  at  Barrow  during  this  period  and  developed  using  the  techni¬ 
que  of  Stevenson  (1970).  The  ice  crystals  at  -7C  were  sheaths  and  were 
larger  than  the  solid  columns  observed  at  -11C.  The  sheaths  had  dia¬ 
meters  near  30  pm  and  lengths  about  100  to  200  pin,  while  solid  columns 
were  about  20  pm  diameter  and  50  pm  length.  The  water  droplet  concen¬ 
trations  and  spectruraa  were  analysed  for  each  pass.  The  size  spcctruras 
did  not  vary  significantly  at  different  levels,  hence  in  Fig.  1  the 
ovei  .ill  sire  spectrum  is  shown.  These  values  were  corrected  for  the 
collection  efficiency  of  the  .'sampler  which  has  a  zero  value  for  droplets 
1  ‘  i cal  Institute,  University  of  Alaska,  College,  Alaska  18 


less  tli, -m  3  pm  and  almost  100%  for  drops  greater  than  35  pm.  The  con- 

central ions  on  most  occasions  were  about  90  per  cm  while  the  highest 
2 

were  3V60  per  cm  ,  giving  a  liquid  water  content  of  0.2  to  0.3  gtn  per  m3. 
Therefore,  our- analysis  shows  that  the  characteristics  of  the  arctic 
-  ratus  does  »°t  vary  from  day  to  day  or  at  different  levels,  has  a 
narrow  spectrum  without  any  big  drops,  and  lie  beLween  the  stratus  cloud 
observed  in  Germany  and  Hawaii  (Mason,  1971). 

\ 

In  conclusion,  the  results  of  the  study  at  Barrow  suggest  that  in 
clouds  with  narrow  droplet  spectrum  and  without  any  big  drops  the  con¬ 
centration  of  ice  crystals  can  be  determined  from  the  laboratory  mea¬ 
surements  of  ice  nuclei  and  indicate  that  ice  particle  multiplication 
is  found  only  in  clouds  that  has  big  drops  or  rimed  ice  particles  or 
both:  These  observations  agree  with  the  contention  of  Mossop  (1971)  on 
the  factors  necessary  for  ice  multiplication  in  clouds. 
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AIRBORNE  OPTICAL  MEASUREMENTS  OF  ATMOSPHERIC 
AEROSOLS  NEAR  BARROW,  ALASKA 


Glenn  E.  Shaw,  Gunter  Weller 


The  change  of  direct  solar  radiation  with  altitude  Is  related  to 
the  vertical  profile  of  the  aerosol  optical  extinction  coefficient. 

An  airborne  photometer  experiment  was  performed  to  measure  the  solar 
radiation  at  multiple  narrow  wavelength  intervals  in  the  visible 
region.  Measurements  that  were  taken  near  Barrow,  Alaska  (latitude 
71  30'N,  longitude  156°30'W)  are  summarized,  and  results  of  analyzed 
records  showing  typical  profiles  of  aerosol  extinction  coefficients 
along  with  their  relation  to  meteorological  parameters  are  described. 
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by 
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souk  results  of  radiation  measurements 

DURING  THE  1972  AIDJEX  PILOT  STUDY 

bv 

B.  Holmgren  and  G.  Weller 

Geophysical  Institute 
University  of  Alaska 
Fairbanks,  \laska  99701 


The  extinction  of  the  direct  solar  radiation  by  dust  scattering,  as 
determined  by  a  Linke-Feussner  net i nometer  with  color  filters,  was  unex¬ 
pectedly  high  with  a  mean  value  of  the  Angstrom  turbidity  coefficient 
B  -  0.07  for  10  days  with  clear  skies  A  comparison  with  earlier  inves¬ 
tigations  of  6  in  the  Arctic  indicates  a  seasonal  variation  with  relatively 
high  values  i:i  early  spring  and  markedly  lower  values  in  summer. 

Measurements  of  the  albedo  over  snow-covered  multi-year  ice  gave  a 
mean  value  of  78%  for  12  days  with  clear  skies,  and  87%  for  4  day.'  witli 
overcast  skies.  The  increase  of  the  albedo  in  connection  with  a  clouding 
over  may  probably  be  ascribed  to  multiple  reflections  between  the  cloud- 
base  and  the  snow  surface.  By  applying  a  simplified  scheme  for  the  radia¬ 
tion  transfer  through  clouds  and  by  assuming  representative  values  of  the 
surface  reflectance  in  the  visible  and  infrared  regions  of  the  solar  spectrum, 
it  is  argued  that  multiple  reflections  between  the  surface  and  the  clouds 
should  also  have  a  marked  effect  on  the  spectral  composition  of  the  incoming 
solar  radiation  and  on  the  albedo  of  the  melting  pack  ice  in  summer.  Measure¬ 
ments  of  the  surface  reflectance  within  narrow  spectral  intervals  and  for 
various  surface  types  appear  to  be  needed  before  realistic  modeling  of 
solar  radiation  fluxes  over  the  pack  ice  can  be  made. 

The  radiation  balance  over  snow-covered  multi-year  ice  was  monitored 
by  four  radiometers  (2  short-,  2  long-wave)  supplied  with  a  warm-air  blower 
system  to  prevent  frost  deposits.  During  a  fine-weather  period  with  air 
temperatures  at  around  -25°C  in  early  April,  the  radiation  balance  over 
open  and  refreezing  leads  was  monitored  by  additional  measurements  of  the 
albedo  and  the  emitted  long-wave  radiation.  The  radiation  balance  over 
open  leads  was  found  to  be  -100  cal  cm  day  ,  while  the  concurrent  radia¬ 
tion  balance  over  multi-year  ice  was  close  to  zero.  The  freeze-up  of  a  lead 
brought  about  at  first  lapid,  later  more  gradual  changes  of  the  surface 
temperature  (decreasing)  and  of  the  albedo  (increasing).  As  the  freezing 
of  the  lead  continued,  its  radiation  balance  approached  that  of  nulti-year 
icc  asymptotically. 
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